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(57) ABSTRACT

An automation technology, autarkic, field device, which is
connected via two connecting terminals to an I/O module.
The I/O module is embodied as a 4-20 mA/HART I/O
module. The I/O module is associated with a controllable
energy source via which the field device is supplied with
energy. An electrical current measuring unit is provided
which ascertains the electrical current supplied by the
energy source. In the /O module, internal resistors are
provided, across which occurs in each case a voltage drop
dependent on the flowing electrical current. A control unit is
provided, which operates the energy source in such a way
that a predetermined terminal voltage is supplied on the
connecting terminals for powering the field device.
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1
AUTOMATION TECHNOLOGY AUTARKIC
FIELD DEVICE

TECHNICAL FIELD

The invention relates to an autarkic field device of auto-
mation technology.

BACKGROUND DISCUSSION

In process automation technology, as well as manufac-
turing automation technology, field devices are often
employed, which serve to register and/or influence process
variables. For the registering of process variables, measuring
devices are used, which, in each case, exhibit at least one
sensor and one measurement transmitter. Such measuring
devices include, for example, fill-level measuring devices,
flow measuring devices, pressure and temperature measur-
ing devices, pH-redox potential measuring devices, electri-
cal conductivity measuring devices, etc., which ascertain the
respective process variables of fill-level, flow, pressure,
temperature, pH-value and conductivity. For influencing
process variables, actuators are used, for example valves or
pumps, via which the flow of a fluid in a section of pipeline
or the fill-level in a container can be changed.

In principle, all devices which are employed near the
process and which deliver or work with process-relevant
information are referred to as field devices. In addition to the
aforementioned measuring devices/sensors and actuators,
such units that are directly connected to a fieldbus and which
serve to communicate with superordinated units (e.g. remote
1/0s, gateways, linking devices and wireless adapters) are
also generally referred to as field devices. A large number of
these devices are produced and sold by the Endress+Hauser
Group.

In modern industrial facilities, field devices are, as a rule,
connected with superordinated units via fieldbus systems
(e.g. Profibus®, Foundation Fieldbus®, HART®, etc.). Nor-
mally, the superordinated units involve control systems or
control units, for example a PLC (programmable logic
controller). The superordinated units are used, for example,
in process controlling, process visualizing, process monitor-
ing as well as in the start-up of the field devices. The
measured values registered by the field devices—especially
by the sensors—are transmitted via the connected bus sys-
tem to a superordinated unit, or, as the case may be, to
several superordinated units. Additionally, a transfer of data
from the superordinated unit to the field devices via the bus
system is necessary; this is used especially in the configuring
and parametering of field devices or for diagnostic purposes.
Generally speaking, the field device is serviced from the
superordinated unit via the bus system.

In addition to a hardwired data transmission between the
field devices and the superordinated unit, the possibility of
a wireless data transmission also exists. In particular, in the
case of the bus systems Profibus®, Foundation Fieldbus®
and HART®, a wireless data transmission via radio is
specified. Additionally, radio networks for sensors are more
precisely specified in the standard IEEE 802.15.4.

For the realization of a wireless transmission of data, field
devices are embodied, for example, as radio-field devices.
As a rule, these exhibit a radio unit and an electrical current
source as integral components. In such a case, the radio unit
and the electrical current source can be provided in the field
device itself, or in a radio module which is permanently
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2

connected to the field device. Through the electrical current
device, an autarkic energy supply for the field device is made
possible.

Alternatively, field devices without radio units—i.e. the
current installed base in the field—are upgraded to a radio-
field device through the attachment of a wireless adapter
which features a radio unit. A corresponding wireless
adapter is described, for example, in the publication, WO
2005/103851 Al. The wireless adapter is, as a rule, con-
nected to a fieldbus communication interface of the field
device in a detachable manner. Via the fieldbus communi-
cation interface, the field device can transmit data over the
bus system to the wireless adapter, which then transmits this
via radio to the target location. Conversely, the wireless
adapter can receive data via radio and forward it over the
fieldbus communication interface to the field device. The
supplying of the field device with electrical power occurs
then, as a rule, via an energy supply unit associated with the
wireless adapter.

The greater part of the installed base of field devices is
made up of HART-devices, which communicate with a
superordinated control unit via the HART standard. In order
to integrate 4-20 mA/HART into wireless networks, adapt-
ers (as previously mentioned) are employed which imple-
ment the communication link to the wireless network and, in
such case, also cyclically-automatedly register measured
values from the connected field device. Suitable adapters
have at their disposal an autarkic energy source (e.g. bat-
teries), which supplies both the adapter as well as the
connected field device with energy. For powering the con-
nected field device, the adapter exhibits a power supply
stage, which supplies the required terminal voltage at the
appropriate 4-20 mA measuring and supply current. Due to
the relatively high energy consumption of today’s 4-20 mA
field devices, such devices are normally not continually
supplied with energy, but only according to need. This
clocked operation of the field device is also known as duty
cycle operation.

Field devices require, at a defined measurement, or sup-
ply, current, a defined minimum terminal voltage for regular
operation. The measurement, or supply, current changes
dynamically during operation. The different operating
phases are listed below:

Operating phase, “measurement with 4-20 mA output™:
Here, the electrical current changes proportional to the
measured value.

Operating phase, “measurement with HART only output™:
Here, the field device is operated in multidrop mode.
During operation, the electrical current is consistently
set to a minimum value.

Operating phase, “start-up”: Here, a deviating electrical
current is present up to the ascertainment of the first
measured value.

A corresponding /O module of a wireless adapter has in
the measuring loop internally various resistors, which, at
constant internal supply voltage, provide for the connected
measurement transmitter a terminal voltage dependent on
electrical current flow. These resistors are, for example, an
Ex limiting resistor, a HART communication resistor or a
measuring resistor for registering the analog 4-20 mA mea-
surement current. In order to compensate for the voltage
drops caused by the internal series-connected resistors, the
internal supply voltage of the power supply must be chosen
in such a way that the defined terminal voltage of the field
device is reached even in the case of the highest arising
electrical current. The maximum arising current is the error
current, which amounts to, for example, 22 mA. The listed
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resistors, with the exception of the Ex limiting resistor, are,
furthermore, not absolutely required in every operating
phase; they currently must, however, always be taken into
consideration when setting the supply voltage. Due to this
internal supply voltage being rigidly set for the worst-case-
scenario, the available energy is not utilized efficiently. In
many operating phases, a not insignificant portion of the
available energy is wasted.

SUMMARY OF THE INVENTION

An object of the invention is to operate an autarkic field
device in an energy-efficient manner.

The object is achieved by the features that the field device
is connected via two connecting terminals to an [/O module,
wherein the I/O module is embodied as a 4-20 mA/HART
1/0 module; wherein a controllable energy source is asso-
ciated with the /O module for supplying the field device
with energy; wherein an electrical current-measuring unit is
provided, which ascertains the electrical current supplied by
the energy source; wherein, in the /O module, internal
resistors are provided across which, in each case, a voltage
drop occurs as a function of flowing electrical current; and
wherein a control unit is provided, which operates the
energy source in such a way that a predetermined terminal
voltage is available at the connecting terminals for powering
the field device.

The internal supply voltage is, as a function of the
electrical current currently available to the field device,
adaptively regulated to a minimum. The product of supply
voltage and supply current is thereby minimized.

An advantageous embodiment of the field device of the
invention provides that the control unit operates the energy
source in such a way that it dynamically regulates the
terminal voltage as a function of the current flowing in each
case, in such a manner that operation of the field device is
assured at all times. Depending on the flow of the 4-20 mA
electrical current, the current can be set in such a way that
as much energy as possible is saved. Thus, field devices
typically require far lower terminal voltages at high electri-
cal currents—thus, for example, 17V at 4 mA and 11 V at 20
mA. In this connection, it is possible to store an electrical
current profile for the connected field device in the 1/O
module. According to the stored electrical current profile,
the terminal voltage is then subsequently dynamically regu-
lated by means of the control unit.

Preferably, the electrical current measuring unit is an
electrical current measuring resistor, across which the ana-
log 4-20 mA signal representing the measured value is
sensed.

It is particularly provided that the internal resistors
include a communication resistor, across which the digital
HART communication signal is sensed. Additionally or
alternatively, the internal resistors include an electrical cur-
rent limiting resistor, which is dimensioned in such a way
that it meets the requirements for use of the device in an
explosion hazard area.

A preferred embodiment of the field device of the inven-
tion provides that the /O module is an adapter with an
associated energy source. In particular, the adapter is
embodied as a wireless adapter, which communicates with a
superordinated control via an associated radio unit.

A further embodiment of the autarkic field device pro-
vides that the predetermined terminal voltage is either
adjustable or fixedly predetermined.

It is furthermore provided that the field device is a
measuring device for determining or monitoring a process
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variable, an actuator for influencing a process variable, a
logging device, a remote /O, a gateway or a linking device.

Preferably, the control device operates the field device
intermittently. In such case, the energy supply is switched off
or minimized during a rest phase. During an operational
phase, a predetermined terminal voltage is supplied for
operation of the field device.

In addition, an embodiment of the field device of the
invention provides that the control unit selectively switches
the communication resistor and the electrical current mea-
suring resistor on and off according to need.

It is furthermore especially advantageous if, during the
start-up of the field device, the control unit shunts the
communication resistor and the electrical current measuring
resistor until the field device is ready for operation. The
energy efficiency of the field device is thereby further
increased.

Should the field device solely supply an analog 4-20 mA
signal, it is provided that the control unit continually shunts
the communication resistor. If the field device supplies a
digital communication signal on the basis of the HART
protocol, it is then provided that the control continually
shunts electrical current measuring resistor.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained in more detail by
means of the appended FIG. 1, which shows a block diagram
of an embodiment of the field device of the invention.

DETAILED DISCUSSION IN CONJUNCTION
WITH THE DRAWINGS

The embodiment of the field device 1 shown in FIG. 1
utilizes an adaptive control of the energy supply of the field
device 1. Additionally, internal measurement and/or com-
munication resistors—Rsense, Rcom—1located in the mea-
surement branch of the I/O module are, as a function of each
of the operating phases, selectively switched in or shunted,
according to need. Through these two measures, as little
demand as possible is made on the capacity of the energy
supply unit 5, which in the case shown is a disposable
battery or a battery pack.

FIG. 1 shows the terminal voltage Ut of the measurement
transmitter of the field device 1, the supply voltage Us of the
power supply 7, the voltage Ubatt of the energy source 5 and
the voltage drops Uex, Ucom and Usense at the resistors
Rex, Rcom, Rsense.

The Ex limiting resistors Rex typically have values in the
range of a few 100 ohms, the HART communication resistor
Rcom typically exhibits at least 250 ohms, and the mea-
surement resistor lies between ca. 50 and 100 ohms. As a
result of this, the voltage drops can, assuming the highest
electrical current It (error current of 22 mA), lie in the range
of 6 volts for the Ex limiting resistors, 5.5 volts for the
communication resistor Rcom and 1-2 volts for the measur-
ing resistor Rsense. If these voltage drops are added up, the
supply voltage Us must be about 12V higher than the
terminal voltage Ut. Even outside of an explosion hazard
area, where the resistor Rex can be omitted, the supply
voltage Us must still be 6V higher than the terminal voltage
Ut. If one considers the ideal case, wherein the supply
current It is minimal, and thus typically amounts to only 4
mA, the difference between the feed voltage Us and the
terminal voltage Ut still amounts to just below 2.4 volts.

It can generally be said that high supply voltages Us are
problematic for the power supply 7, if it is driven by a
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correspondingly low source voltage UBatt. As a result of the
difference, high battery currents occur which lead to a
considerable reduction of the available battery capacity and
thus to a reduction in the service life of the battery or to an
energy supply unit with a limited capacity.

The controller or control unit 9 of the I/O module 2 shown
in FIG. 1 knows the current operating phase of the connected
field device 1 or the measurement transmitter of the field
device 1 at all times and ascertains the current electrical
supply current It. The current, which is necessary during the
start-up phase for starting-up the field device 1, is also
known by the control unit. The electrical current in the
start-up phase is set as a parameter.

As already mentioned before, the control unit 9 selec-
tively switches in the measuring resistor Rsense and the
communication resistor Room as a function of each oper-
ating phase of the field device 1, or it shunts one or both
resistors; should one or both of the resistors not be needed
during the current operating phase, a corresponding shunting
occurs.

Depending on the operating phase, the resistors Room and
Rsense are switched in or not. During the start-up phase of
the measurement transmitter of the field device 1, neither the
HART communication nor the electrical current measure-
ment are necessary, for example. In this case, both of the
resistors are, for example, shunted by the switches 12,13.
This shunting lasts up until the measurement transmitter
ascertains the first regular measured value.

In the operating phase “measuring with HART only
output”, when the field device 1 is operated in multidrop
operation, the measuring resistor Rsense is not required and
remains shunted. In this case the electrical current It for the
respective measurement transmitter is both constant and
known.

In the operating phase “Measurement with 4-20 mA
only”, when the HART communication and therefore also
the communication resistor are not required, the communi-
cation resistor is shunted. In this case the flowing measure-
ment current It is measured via the measuring resistor
Rsense.

As already mentioned before, there is, in the invention, an
adaptive regulating of the terminal voltage Ut. To this end,
the control unit 9 adaptively changes the required terminal
voltage Ut by altering the supply voltage Us as a function of
the measured or given electrical current It, as a function of
the respective operating phase of the measurement trans-
former of the field device 1 and as a function of the switch
states of the resistors Rsense, Room and Rex.

A further development of the method takes into consid-
eration measurement transmitters, which are able to operate
at high electrical currents with low terminal voltages Us, but
which, however, require higher terminal voltages at low
electrical currents. This information can be stored in the
controller in the form of a table. To give an example: at 20
mA, 10V suffice, whereas, at 4 mA, 16V must be set as the
terminal voltage Us by means of the control unit 9.

The invention claimed is:

1. An automation technology, autarkic, field device con-
nected via two connecting terminals to an /O module;
wherein the I/O module is embodied as a 4-20 mA/HART
1/0 module, comprising:

a controllable energy source, via which the field device is

supplied with energy;

an electrical current measuring unit, which ascertains

electrical current supplied by said controllable energy
source;

internal resistors across which occurs in each case a

voltage drop dependent on electrical current; and
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a control unit, which operates said controllable energy
source in such a way that a predetermined terminal
voltage is supplied to the connecting terminals for
powering the field device, wherein:

said control unit operates said controllable energy source
in such a way that it dynamically so controls the
terminal voltage as a function of the electrical current
flowing in each case, that, at minimum energy con-
sumption, correct operation of the field device is
assured at all times.

2. The field device as claimed in claim 1, wherein:

said electrical current measuring unit includes an electri-
cal current measuring resistor as one of said internal
resistors, via which the analog 4-20 mA signal is
sensed.

3. The field device as claimed in claim 1, wherein:

said internal resistors include a communication resistor,
via which a digital communication signal is sensed.

4. The field device as claimed in claim 1, wherein:

said internal resistors include an electrical current limiting
resistor, which is dimensioned in such a way that it
meets requirements for use of the field device in an
explosion hazard area.

5. The field device as claimed in claim 1, wherein:

said /O module is an adapter with said controllable
energy source.

6. The field device as claimed in claim 1, wherein:

said /O module is a wireless adapter, which communi-
cates with a superordinated controller or another radio
field device via an associated radio unit.

7. The field device as claimed in claim 1, wherein:

said predetermined terminal voltage is adjustable or
fixedly predetermined.

8. The field device as claimed in claim 1, wherein:

the field device is a measuring device for determining
and/or monitoring a process variable, an actuator for
influencing a process variable, a logging device, a
remote 1/O, a gateway or a linking device.

9. The field device as claimed in claim 1, wherein:

said control unit intermittently operates the field device
and switches off, or minimizes, energy supply during a
resting phase, and during an operating phase supplies
said predetermined terminal voltage for powering the
field device.

10. The field device as claimed in claim 1, wherein:

said control unit selectively switches the communication
resistor of said internal resistors and the electrical
current measurement resistor of said internal resistors
in and out.

11. The field device as claimed in claim 1, wherein:

said control unit shunts the communication resistor of said
internal resistors and the electrical current measuring
resistor of said internal resistors during the start-up of
the field device until the field device is ready for
operation.

12. The field device as claimed in claim 1, wherein:

said control unit continuously shunts the communication
resistor of said internal resistors when the field device
is supplying an analog 4-20 mA signal.

13. The field device as claimed in claim 1, wherein:

said control unit continuously shunts the electrical current
measuring resistor of said internal resistors when the
field device is supplying a digital communication sig-
nal on the basis of the HART protocol.

14. The field device as claimed in claim 1, wherein:

said energy source is a disposable battery, a fuel cell, a
solar cell or a rechargeable battery.
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